Experimental determining of distributions of pulses forcing a linear system, where pulse amplitudes and occurrence instants are random values, is burdened with errors resulting from uncertainty of the measurement and the dierences between the model and the physical phenomenon. The objective of this work is an attempt to minimize these errors through application of an approximation algorithm that allows to determine parameters of response of the system to a single pulse forcing. The conclusions issuing from the investigations indicate that the parameters of the vibrating system should be selected so that the impact of the local deformations that occur while the system is being forced on the parameters of the system response should be as small as possible.
Introduction
Determining, in a nite time, the distributions of values of stochastic pulses forcing a one-dimensional physical system the state of which is described by means of a single parameter x varying with time t according to the equation of motion
where a and b are constants, and the forcing function f (t) is a series of pulses amplitudes and occurrence in- Although it is known that any model is merely a certain simplication of an actual physical phenomenon and therefore its usefulness is limited, it is hard to explain why dierent stochastic instants of occurrence and therefore dierent distributions of pulses are obtained in spite of application of the same distributions of hits in both theoretical and experimental investigations [4] . The * e-mail: aozga@agh.edu.pl higher is the intensity of these hits, the greater are these dierences, and therefore it is incorrect to adopt the same substitute parameters a and b in an analysis of a single system forced by pulses of dierent intensities.
The subject of this paper is the approximation algorithm that allows for determining of the parameters of the system response to forcing with a single pulse. It is necessary to develop approximation techniques anew in a way making possible to dene the physical phenomena that take place in an actual physical system while it vibrates being forced by a single pulse. This will subsequently lead to determining how the responses of the system change the moment when the intensity of pulses is altered.
Mathematical model of the impulse value
The solution of Eq.(1) for any f (t) and a > b (subcritical damping) assumes the form [1, 2] x(t) = exp(−bt) x 0 cos(ct) +ẋ 0 + bx 0 c sin(ct)
where c = √ a 2 + b 2 , and
represent initial conditions.
Let a single pulse forcing be considered in the following. In the literature of the subject [5] , the physically interpretable quantity characterizing a very (innitely in the theory) short pulse is the impulse I of the forcing function f (t) dened as
where ε is a time interval representing duration of the pulse.
To date, authors of scientic studies dealing with vibrations of linear systems forced by a single pulse have been univocal. There exist two dierent models [5, 6] of a pulsed forcing f (t), and it is the model representing the pulse with the help of Dirac delta function [5] that seems to be more intuitive. Although the two models dier as regards the methods of solving the integral in the equation (2) , in the nal version they arrive at the same conclusion that forcing with a pulse is equivalent to evoking free vibrations through a sudden increase of the initial velocity of the system, i.e. rate of change of parameter x determining its state, without changing the parameter itself. This means that x = x 0 also immediately after a hit of the pulsed forcing. Under such assumption, motion of the system after occurrence of the pulsed forcing can be described by means of function
where η = I/c. The above formula is used, among others, in the studies that allow for determining the distribution of striking pulses [13, 7, 8] from the waveform representing motion of a given vibrating system. Assumptions and proof the relevant theory can be found in [1, 2, 7] . This article will discuss the diculties connected with realization and approximation of the response of the system to a pulsed forcing. By dividing the registered response X of the system by X 1 , the parameter c can be determined, e.g. with the help of function f it with the parameter`sin 1'.
All methods of approximation for numerous varied cases of X executed with the help of the function f it with the parameters`sin 1' or`f ourier1' consistent with the expected mathematical model (4) fail (Table I) , because what is dealt with here is a phase shiftφ and the system responds with motion described by x(t) =η exp(−bt) sin(ct +φ), (6) where the tilde over the symbol of a quantity denotes it approximate value.
The algorithms approximating the response of the system to an impulse forcing require determination of a new between the model and the physical phenomenon must be taken into account. The total error of approximation can be minimized through selection of the algorithm presented below.
The algorithm of determining the desired parameters is realized the MATLAB environment according to the following scheme:
1. The values of the practice set initial values of the parameters are determined.
2. For the analysis, two subsequent parameters, η and b,are selected. It is necessary to select these parameters because approximation is burdened with an error resulting from digitization of the signal it is not possible to nd the actual maximum and minimum values among the recorded amplitudes;
only the highest and the lowest ones can be found.
3. For the selected parameters, the function X 1 = η exp(−bt) is computed and the recorded response of the system is divided by X 1 . The point for which the value of angle φ is close to zero with a certain accuracy is searched for using the search interval halving. In this way not only the parameter c is calculated, but also t m,1 , i.e. the time at which one sample of free vibrations has been recorded.
5. For the RCL system selected for study, the vibrations fade out after 1200 registered samples. Due to the fact that small deections are burdened with a high uncertainty of measurements (Fig. 1) , the mean dierence between the physical system X i and the model x i is computed for the rst 1000 samples,
and saved in a le.
The result of execution of this algorithm can be seen in 
One more criterion is also proposed to be used:
Registering the mean dierence (8) and (9) between the model x and the physical system X as well as using white and gray color to mark the areas where the dierences are greater or less than zero, respectively, it can be seen that the diagrams below dier in the inclination angle of the curve dividing the positive part from the negative one. Fig. 3 presents results of the rst experiment only, since the other two lead to the similar picture. Fig. 3 . The computed dierences between the recorded response of the RLC circuit and the approximated one for the rst experiment, computed with the use of (8) and (9), and shown in left and right panel, respectively.
By plotting straight line separating the negative part from the positive one and comparing the obtained results depending on whether the algorithm calculates the dierences from the start or from the subsequent two samples
where n start = 1, 2, or 3, the eect of local deviations occurring in the RLC circuit on the approximation can be assessed. The precise parameters obtained from the approximations for points A, B and C are presented in Table III . The most important thing, however, is that the selection of the substitute parameters between these points should be executed by applying the criterion of the least dierences δ II and δ III . Table IV shows the dierences δ II and δ III for t M and c approximated from sample #2 for n rmstart = 1 and 2 for 1000 samples.
TABLE IV Dierences δII and δIII for t M and c approximated from the 2nd measurement sample for the variable nstart = 1 and 2, for 1000 samples corresponding to points A, B, and C (see Fig. 4 ).
exp. point Unfortunately, for low intensities of strikes the dierences δ II and δ III may turn out to be signicant enough to result in computation leading to incorrect distributions of pulses.
Conclusion
The response of a physical system to forcing by a pulsed hit reveals features of a non-linear system. The standard search for a minimum among the dierences between the values obtained in the model x and the recorded response of the system X is insucient if the response of a physical system is to be replaced with a linear model. Moreover, it is necessary in each case to take into account the eect of deformations that occur while energy is injected to the system. Approximation requires application of eective methods, and its results serve for an analysis aimed at selection of the parameters of the vibrating system so that the impact of the local deformations on the parameters obtained as a result of approximation is as small as possible.
